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BIOCHEMIE

Studijni literatura

P. Karlson - Zaklady biochemie Academia 1981
Z. Sipal a kol. - Biochemie SPN 1992

Z. Vodrazka - Biochemie 1 - 3. Academia 1992
D. Voet - Biochemie Victoria Publishing 1990

Biochemie -chemicka disciplina, ktera studuje chemicke slozeni zivé
hmoty a chemické procesy, které v ni probihaji

- je hrani¢ni védni disciplinou, na pomezi mezi chemii a

biologii, zkouma biologické objekty chemickymi

metodami

Historicky tuvod

fyziologie a lékatstvi
biochemie = Hoppe Seyler 1903

organicka chemie

Synonyma : Biological Chemistry
Physiologishe Chemie
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Dveé obdobi:  A. obdobi statické biochemie

B. obdobi dynamicke biochemie

staticka - bioorganicka, bioanorganicka, biofyzikalni

chemie a chemie ptirodnich latek

dynamicka - enzymologie, bioenergetika,

metabolismus

N

BIOCHEMIE

organizacni - regulace

funkéni - fyziologicka biochemie

obecna - zikladni vyzkum

BIOCHEMIE

T _—

aplikovana - I¢kafstvi - klinicka biochemie
- pathobiochemie
- xenobiochemie
- biotechnologie

Molekularni biologie - W.T. ASTBURY - 60.1éta



Biochemické metody

in vivo - fyziologie
experimenty
in vitro - biochemie - organy
- tkang
- organely

- molekularni iroven

Biochemické metody - metody anorganické, organicke, fyzikalni a
analytické chemie

- biologické metody

Problémy se vzorkem - prace s komplexnimi vzorky
- prace s labilnim biologickym materialem

- prace s malym mnoZstvim latek

P. Anzenbacher, J. Kovar - Metody chemického vyzkumu pro
biochemiky - Doc¢asna vysokoskolska
ucebnice 1986
M. Ferendik, B. Skarka - Biochemické laboratorné metody, SNTL
1981



LATKOVE SLOZENi ORGANISMU

Latka Clovék rostliny bakterie
voda 60 75 70
bilkoviny 18 4 15
nukleové k. 1.5 1 7
sacharidy 0.5 16 3
lipidy 16 1 2
org. latky 1 1 2
anorg. latky 3 2 1

Anorganické latky - voda
-Na, K, CI', SO,, HCO5', HPO,*,
Ca, Mg, Fe, Zn, Va, Cu, Mo, Ni, Mn, Se
- plyny - O,, N,, CO,, NO

Organické latky - vysokomolekularni - biopolymery

- bilkoviny
- nukleové kyseliny
- sacharidy

_ lipidy

Obecny princip vystavby biopolymeru :




1. Jsou tvofeny monomery

2. Monomery vytvareji linearni fetézce

3. Monomery jsou spojovany jedinym typem vazby

mono, di-, tri- , tetra-,...

oligo <10
poly > 10
bilkoviny nukleové polysacharidy
Kyseliny
monomery | aminokyseliny nukleotidy monosacharidy
20 4 5
vazba peptidicka 3,5-diesterova glykosidicka

- nizkomolekularni - produkty meziprodukty

metabolismu

- sekundarni metabolity

- regulacni latky




BILKOVINY - PROTEINY

Protein - MULDER, BERZELIUS (1838)

TPOTEL® - ,,zaujimajici prvni misto*

Funkce - katalyza
transport
pohyb
podpora
imunita
regulace

vznik a prenos nervového vzruchu

AMINOKYSELINY ( 20 AMK) MW 50 -200

|

2 az 50 AMK PEPTIDY— POLYPEPTIDY MW <10 000

|

> 50 AMK BILKOVINY - PROTEINY MW > 10 000



Aminokyseliny

chemicky - substitu¢ni derivaty karboxylovych kyselin

R

+ ]
H3N— Cc=—Coo0

H

I. Kodované aminokyseliny

Rozdéleni :

A. Nepolarni aminokyseliny - Gly, Ala, Val, Leu, Ile, Phe, Pro

B. Polarni aminokyseliny
OH skupinu - Ser, Thr, Tyr
SH skupinu - Cys, Met

indolovou skupinu - Try

CONH, skupinu - AspNH,, GluNH,

C. Nabité - kyselé COOH skupinu - Asp, Glu
- basick¢é  NH, skupinu - Lys
guanidinovou skupinu - Arg

imidazolovou skupinu - His

/ tiipismenkové



9

PouZivan¢ zkratky
\ jednopismenkove

AMK Symboly AMK Symboly

glycin Gly G  |methionin Met M
alanin Ala A |glutamova k. Glu E
valin Val V  |asparagin Asn N
leucin Leu L  |glutamin Gln Q
izoleucin Ile I lysin Lys K
serin Ser S |arginin Arg R
threonin Thr T |tyrosin Tyr Y
cystein Cys C |fenylalanin Phe F
histidin His H |[tryptofan Trp W
prolin Pro P  |asparagova k. Asp D

I1. Nekodované aminokyseliny

A. v bilkovinach posttranslaéni modifikaci AMK

OH-Lys
OH-Pro

fosfo-Ser

B. volné s biologickou funkci

B alanin
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ornitin a citrulin

v aminomaselna

antibiotika - azaserin, cykloserin, chloramfenikol
nervove mediatory - DOPA, dopamin, adrenalin

hormony - thyroxin, trijodthyronin

Viastnosti aminokyselin

ACIDOBAZICKE VLASTNOSTI

R

+ -
H3N— C— COO

| |
+H3N— T— COOH H N— (lj— COO’
H H

pKcooHn + pKnH2

Izoelektricky bod ~ pl = :
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Tabulka pK

Skupina pK Skupina pK Skupina pK

oa COOH | 1.8-2.5 | B COOH 3.9 v COOH 4.1
o NH, 9-10 e NH, 10.8 guanidin 12.5
imidazol 6.0 SH 8.3 OH 10.1

Pufra¢ni kapacita

Titraéni kiivky
OPTICKA AKTIVITA
| |

+ +
H3N—(|j— H H — C—NHs3

COO- éOO

L -alanin D-alanin

L R

enantiomery
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HENDERSON-HASSELBALCHOVA ROVNICE

[H'] . [.ch ) _E'.:J.. . I‘/

HAc]  k,
log ,["L-ﬂ + log [H'] = log K
[[“d log K =-log [H']
og (A3 4 o = pH
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TITRACNI KRIVKA
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DIASTOMERY THREONINU
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CHEMICKE VLASTNOSTI

B reakce dan¢ pritomnosti COOH a NH, skupin
ninhydrinova reakce - NH,

B reakce vedlejSich skupin

reakce Sakaguchiho - guanidinové skupina
xantoproteinova reakce - aromatické aminokyseliny
Paulyho reakce - tyrosin

Adamkiewiczova reakce - indol

Analvza aminokyselin

B papirovi a tenkovrstva chromatografie
B ionexova chromatografie

B reverzné fazova chromatografie
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PREHLED KODOVANYCH AMINOKYSELIN

. ! ! E
a) ammol&gs. s napflarm'm D. Ve VXOYC::

U,N- CH-C00"
Nazap Zkratka R
4. GLYCIN Gly G -H
2. ALANIN Ala A -(l
s. VALIN Val v -C“<€5
. LEUCIN lew L -cH-cH <fﬁ
<. ISOLEUCIN lo T -CH-CHoCH,
| CH,
. FENVLALMNN P F —cp->
1. PROUN ""‘ P N c“oou
¢ s 10msovaroy shupmou v P ;
« KYS. ASPARAGOVA Asp D -Cl, CODH
2. KYS. GLUTAMOVA' (L - CH,CH, COOH
s AREININ Arq R CHCHCHNH-C-NH,
» LYSIN Lys K -CHCHCHCH-NH,
s. HISTIDIN

H:L:‘.‘ H -C"‘_“ M—VE}
'\

H



e
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by ¢ polarm skupimou » P :

1. SERIN Ser S -CHOH
2. THREON‘N Thr T - QI-I-C“,
oH

5. TYROSIN Tyr ¥ -n-¢S>-0M
v. CYSTEIN Cus (SH) C - CH,SH

s. METHIONIN Mat - CH-CH; S-CH,
ASPARA le Asn -CU-C0 N.Ll

l_zz

LGN G Q -OLOLCON,
o TRIPTOFAN Ty W -l !’j{_‘
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NEKODOVANE AMINOKYSELINY

NH, H
v<cooH (N><C00H
k. ominocqldopropy(.

4
karbouglova k. azdidinkarbouglové

CH~CH-COOH ()(“
B n u COOH k. Pipakoli:nove:

NH, ﬂ-alanin

Ol O CH- OO CHCH G CH-COOH MO - CA;OCOCHN,

N, NH, I-!,H'C'm‘ N4, NM,
!
ormihin 0 citrulin axaseriv
ANTIBIOTIKA :
H
N, ON—~=)-(H-CH-CH,0H
0N - OR NHCDCHC),
cykloserm chloramfaniko!
Chyy 18 NMi CO-R
(uﬂg},;@ y
C0oH

panicilin
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+ - + -
H3NCH2CH2COO H3NCH2CH2CH2COO
B alanin Y aminomaselna kyselina
HO CHZFHCOO HO CHZ?H2
+ +
NH NH
HO 3 HO 3
DOPA dopamin
HO ﬁZHC|H2 HO fHC|H2
+
+
HO NH
HO HO NH3 HO 2
noradrenalin adrenalin
J
Ho—@g CH2$HCOO-
+
NH3
J J
tyroxin

(3,5,3',5'-tetrajodthyronin)
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PEPTIDY
(E.FISHER 1902)
R R
1 2 O
v //O + | 4 —>
H3N—C—C\ .+ HN—C—C_ . +—
| 0 |  No
H H
R 0 R, 0
| | 7
HN—C—C—N—C—C] .+ HO
| | I Do
H H H
Peptidicka vazba - amidova vazba
di, tri, tetra ............. oligopeptidy.................. polypeptidy

Nazvoslovi peptidi

H;N"-Gly-Arg-His-COO glycyl-arginyl-histidin

Biosyntéza peptidii - meziprodukty odbouravani bilkovin

- jednoducha biosyntéza bez proteosyntézy

Prirodni peptidy:

D1 - karnosin
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anserin
Tr1 - glutathion GSH
Peptidové hormény - oxytosin
vasopresin
inzulin
glukagon
Peptidové neuromodulatory - enkefaliny
endorfiny
Peptidova antibiotika - penicilin
gramicidin
valinomicin
aktinomycin
Peptidové fyto a zootoxiny - neurotoxiny hadi Stird a vcéel
mikrocystiny
falloidin
amanitin

Polypetidy - protaminy
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CYKLOPEPTIDY

H-Cys — Tur H-Cys —Tyr

S Phc : .Ile.

$ gln S In

Cgs — %sn Egs — gs'n

R'o — Lus -GlyNl, Pro — Lou -Gy NH,

(Arg)
Vasopressin Oc to can

S (_ Cll- l'.ll NH-OC CH- NH——OC-Q Hypro(allo)
HOC" CO

Ha Q)‘tj“‘cujL Ala

ou \‘Thr—-s NH - CH o 7 Fallordhn;

OHCH, CH CH,
20H-le N Tre
__gy;éu (0:NM- - (0i— Qly
N c %
Hypro 1-" /[;!Qau 179
o f 9=3 W
A
“'(Am«-?co CH-Niie— Gy
Cys

L - armanitin

Lﬁ“ (myi') 0.0'!»!3!‘.3
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BILKOVINY

Struktura bilkovin

1. primarni - sekvence aminokyselin

2. sekundarni - usporadani polypeptidickeho fetézce

3. tercialni - uspotradani polypeptidickeho fetézce s vedlejSich fetézeil
4. kvartetni struktura - podjednotkové slozeni

sekundarni, tercialni, kvarterni struktura = konformace

Aminokyselinova analyza

1. Izolace homogenni bilkoviny

2. Uplna hydrolyza - kysela - 6 M HCI,, 100 - 120 °C, 10 - 100 hod.
- bazicka - 2 - 4 M NaOH, 100 °C, 4 - 8 hod.
- enzymova - Pronasa

3. Aminokyselinova analyza -RP, IEX

Primarni struktura

1953 - Sanger - inzulin (51 AMK), 100 g materialu, 10 let
—> aminokyselinovy sekvenator

1978 - - galaktosidasa (1028 AMK), ug materialu, dny
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AMINOKYSELINOVY ANALYZATOR

Schdma analyzatoru aminokyselin

KOLONA

)
NINHYDRIN
PUFR

jotomatr

N

ZAPISOVAC :—-E [ ‘
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Stanoveni sekvence - Edmanovo odbouravani

na zakladé sekvence nukleovych kyselin

Syntéza peptidit
1953 - oxytosin (9 AMK) DE VIGNEAND
1962 - syntéza na pevné fazi - MERRIFIELD

Sekundarni struktura

peptidicka vazba - PAULING a COREY 30 az 40.1¢éta

A. Peptidicka vazba leZi v roviné

0 & 0
| | |

+
N . — C
AN T Y T NN

| | N

H H

B. Peptidické vazby jsou v trans konfiguraci

H
I \C/H (I
/ \1I\I/ N2 N

b

()
+ | R
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Aminokyselinové rozdily eytocheaml & u 26 druba®

10.0
' =
g ) pramérny
53 0 rezdil
4280
54620 0.8
2} 8|6 7660
2113121110 9 109 81210 143
181212111010 ¢ 8 10{2 ¢ 126

1110109 8 8 7 610(3
143622212021 19 1821119 20 17| 0
152421109 9 5 911{8 8 T[22 0 188
181714131112 11111311 12112410 0 258
2121191817 18617171817 1817261815]0

!ii 170

3|27 2622229221 2221242324 2229242224
7% {9130 29 28 27 25 27 26 28 28 97 27 31 25 29,32
1152 43 43 45 45 45 44 £4 4447 46 46 46 46 46 48 40 45 45 0
. "é, 57| 48 47 46 46 46 46 46 4040 4T 48 4647 4049 4841474 0
Pakafalé diro2i | 45 45 46 45 45 45 45 4648 46 45 46 47 48 47 47 45 47T 41 0
Cantdida krisel | 5151 51 50 50 49 50 50 51 51 50 61 5153 51 48 4747504227 0
— T P T =

* Cisla v tabulce ukazuji pofer rozdilngeh aminokyselin mezi cytochromy ¢ druhd,
JejichE ndzvy jsou v [evé a v dalni &sti tabulky.

Ptacl
Savci tudnak slepice, kiita
Houty Elovik X kachna
Debaryomyces kiockerf Simpanz makak Waiab
kin
2 3 K kajmanka
e kréva, X\ kioken [ 25 : Plazi
Candida krusel prase, ove 35 5
Oboj pels i 25
ojZivelnic 3 )
126 skokan /tuﬁik
| 6 makrela Rostliny
Hmyz f =
1 % Ryby
’ martind® Gt e )
lomilka = & o d
pekafské droZdi iEn) 5 2 masaiie 2 12 strou e
& mihule -
v - = plenice 2| __— skodes
7 X 7
Neurpspora crassa ! b T ot
J 1.5)
' :.u 5 j g
25 12 J
e a
. o
- 12 _'._ . ] -vk Y
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POSTUP PRI STANOVOVANI SEKVENCE

nsmlur.s — > RTG. ANALYSA
" '
upteN M., KONCOVYEH Ak,

EPENT NA RETEZCE
A JEMCH 1SOLACE

+ .
ANALYSR RETEZCSO

o St
URCEN! KONC.AK | sevewce a
!TEpsm'|uA PEPTIDY

v @
AMINOKYS. ANALYSA STEPU

Stanoveni koncovych AMK (NH, konec)

(SANGER 4945)

N
CHy™ Ol (WEBER 1952)
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Sekvenovani AMK

EOMANNOYA  METODA

@n=c=5 + HN-CH-CONH- poptid —s
R

\ g +
(FTK) N €~ - CH-CO - peptid ——
R

~NH- C= , 4
@) ke o+ UN- peptid —

l-n.azol'morl “

_ ] + —N— =
[.Mu-c W, o0 ()
k

Cll R .
Coou FoN
o S b
fqmg H’h’l,b I'lngﬂtcﬁi'ﬂ
W-7 72 E O
] gunes
Fik -4 J2 |3 T4
A
FTH [4 ] H-[2 ]3] w
S
L GUNCS
FTK-{2 [a [«

FTH [ 2 | H=|3 |«




R,

U0 N-C
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SYNTEZA PEPTIDU

R

2

X,V =chrama  shupiny

HEZ_} akfivace karboxylu: -Ct, -N,, -0-O)rno,

kR

4-CO-7 > ¥4 N-CH-CO-N-CH-CO
40 1H H :

REULED CHMANICICH SKUPIN DLE WLESAJICI STARMITY

X Y
M;<2>-S0  Du Vigneaud| -0CH,, -0CH,
C‘HS (H{O‘(O- Ber r;lggn "OLH‘_”@
(subst-'unﬂ:an)
-0C (),

((‘ "s)s C-0-0-

R- gu —Cu
Qs N0

N i Maxrck

0 1966
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MERRIFIEID  4acs

<0) + cup-cug ﬂ"ﬁ»@cu‘cucu 0K
J-cugt + Hooc- C- NH-Y

triethylamin X= ‘C'O'C:C “:
P
é—culo C-CH- NHL%’ +-BOC
e |8 2 R
g-cuo g-cu -NH, + uooc CH-NH- X
0
| R, Dec
4 ago-c-t- N-C- - N+ ¥
0 0
| 5, gl-xlm L R,
T O O3 ChN-C-CH- N 25 oo -N-C-CH-NY,
0 0 0

-L_ 00d'|‘|‘l: P'l;;t"
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C.Peptidické vazby lezici v roviné mohou svirat urcité torzni uhly

o, @

Ramachandriv diagram stability sekundarnich struktur bilkovin

180°
Bry
0 p
OO
o
- 180°
- 180° 0° 180°

¢

D. Retézec musi umoziovat maximalni pocet vodikovych vazeb mezi

peptidickymi vazbami
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Tvpy sekundarnich struktur :

A. Pravidelné - helikdlni struktury - o helix (-56, -47)

- B struktury - skladany list - paralelni (-139, +135) a

antiparalelni (-119, +113)
B. Ohybové - 3 ohyb
C. Nepravidelné

Tercialni struktura

1. Tontové interakce

2. Dipolov¢ interakce
3. Vodikove mustky
4. Hydrofobni interakce
5. Bisulfidické mistky

Strukturni motivy - domény

Kvarterni struktura

Podjednotkové sloZeni - nekovalentni spojeni - vodikové mustky

- kovalentni spojeni - bisulfidické mustky

Stanoveni podjednotkového sloZeni - SDS PAGE
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PRAVIDELNE SEKUNDARNI STRUKTURY
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TERUARN‘ STRUKTURA ) (Aﬂ{insth) 195+
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Studium konformace bilkovin

RTG difrakce - studium krystali - BRAGG 1913

NMR - dvoj- a trojrozmérné - studium roztokt - poslednich 15.let

Stabilita konformace

Denaturace - fyzikalni faktory - T, zateni, tlak,
- chemické faktory - pH, organicka rozpoustédla,

detergenty, t€zké kovy, mocCovina,

reverzibilni - renaturace
Denaturace

ireverzibilni

Vznik prostorové struktury - skladani, svinuti - ,, FOLDING*

primarni struktura

v

sekundarni struktura

supersekundarni struktury

4

strukturni domény

bilkovina
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POSTUP SKLADANI BIiLKOVIN

primﬁrﬁi’ struktura —@G—O—E—G @

sekundérni
struktury

recky klit /3-meander

globuldrni bilkovina
(tercidrni struktura)
' {
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Izolace bilkovin

vyzkum - studium struktury, studium biologické aktivity

pramyslové pouZiti - farmakologie, Cistici prostfedky,

2. Volba vstupniho materialu

3. Extrakce

4. Purifikace

Srazeci metody - sraZzeni neutrdlnimi solemi (NHy4),SO4

- srazeni organickymi rozpoustédly
- pH srazeni
Chromatografie - ionexova

- hydrofobni

- gelova permeacni
- afinitni

Elektromigracni metody - elektroforéza nativni nebo SDS

- 1zoelektricka fokusace

5. Charakterizace - stanoveni pI, MW, UV VIS spektra, CD

spektra, fluorescen¢ni spektra, AMK analyza a sekvenace,

krystalizace - RTG analyza, NMR spektra
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Rozdéleni bilkovin

Podle celkoveho tvaru molekuly

A. VIaknite - fibrilarni bilkoviny - SKLEROPROTEINY

kolagen, a + B keratin, elastin

B. Kulovité - globularni bilkoviny - SFEROPROTEINY

globularni - katalyza, transport, pohyb, imunita,

Bilkoviny vzruch

fibrilarni - podpora

Podle chemického sloZeni

A. Jednoduché

B. SloZené =  prostheticka skupina + apoprotein

Fosfoproteiny - H;PO,

Glykoproteiny - cukry

Metaloproteiny - kovy

Lipoproteiny - lipidy

Nukleoproteiny - nukleové kyseliny
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Struktura [-keratinu — fibroin z hedvabi

>

0,35 nm

-

o
U

=1

3

o
8

3

3

o
—Y —s
=
=]
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Struktura o -keratinu — lidsky vlas

POOONA..

S
X
S
=
o
o
3
n
5
2
3t
C
=
a2
%
e
4
o
E
)
3
B
=z
=% -
& E

protofibrila

(pér superhelixd)

mikrofibrila

(uspofadanio + 2)
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NUKLEOVE KYSELINY

MISCHER — nuklein (1868 — 1869)

Slozeni

e Dusikaté baze — purinové, pyrimidinove
e Sacharid — ribosa, deoxyribosa

L H3PO4

Funkce

DNA — nositel genetické informace
o Viry
e Prokaryonta —cytoplazma

e FEukaryonta — jadro, mitochondrie, chloroplasty

RNA - realizace genetické informace (u RNA virtl 1 nositel geneticke

informace)

BASE \
Nukleosid

CUKR/ > Nuleotid—— Polynukleotid

H;PO,
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Baze

SUGARS

PENTOSE

) twio kinds are used
a five-carbon sugar

Each numbered carbon on the sugar of a nucleotide is
followeed by a prime mark; therefore, ona speaks of the
“H-prime carbon,” eto.

Monosacharidy
BASES ﬁ
HC /L; KNH
NH.' -
J HL|.| U i Hras The bases are nitrogen-cantaining ring
C e \““x“: compounds, either pyrimidines or purines.
s M (%]}
HET RN H
|| 0 )| cytasine
HC C
\H\N - ‘MKQ:D o]
oo
NNy
[ NH
T
HC
.|.\,.1.|.._,ka . %er;_] PYRIMIDINE PURINE
; H

n:I]
g5 N
I:_Zl—'ll-1 U—-I.;H; AMP
o=
N £
5 as in
O—P—0—P—0—CH3 ADP
| | |
O O
8] 0 0

f-D-ribosa

used in ribonucleic acid

fi-b-2-deouyribose
used in deaxyribonucleic acid

J__,.f"' [ M
H<< T
NJLKN-'ﬁEH
H
I
C
Na o
-_-_/'" [ MH
H< e
,,'K_‘ ==C
Juanir H N \K\""-\.NH-
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Nukleosid

o

BASE + SUGAR = NUCLEOSIDE

2

BASE + SUGAR + PHOSPHATE = NUCLEOTID
Nukleotid

Polynukleotid - nukleova kyselina

O Exase I
[
T O0—P—0—C
CH2 a
o
sLjar
H q phosphodiester
0 g
()
sLijar
H

linkage ‘D—Il-'=D

|
+ |
b
| I
= exampla: MA susgar
3'0OH
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Struktura a funkce DNA
A,T,G,C + deoxyribosa

Primarni struktura — sekvence basi

Sekundarni struktura — Watson, Crick (1953) — dvojSroubovice

*Chragaffovy pravidla — pomér bazi v DNA
A+G=T+C A=T G=C A+C=G+T

*Donohue — baze v tautomernich ketoformach

*Franklinova —RTG difrak¢ni analyza

Sugar- , Sugar-
phosphate Base pairs hosphate
backbone ackbone

ase pair
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Parovani bazi

Guanine Cytosine

NHo
H hydrogen bonds (I:
»H
_( | i
N 0N N H
I |
H H H
Adenine Thymine
NH3 | 2
(’_l: hyclrogei'u bonds {l:l:
H H3C
¢ I L
N="" o ™H o"'C\N/ ~H
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Formy DNA

B - DNA -nativni 92 % H,O, Na+
pravotoCiva - 10 parh bazi na zavit
*A - DNA - 75 % H,O, rovina bazi 20°
pravotoCiva - 11 part bazi na zavit
*Z — DNA -d(CGCGCQG)

levotoCiva - 12 part bazi na zavit

Chromosom

Chromosoma
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Struktura a funkce RNA

Cybosing

Cytosine
NIH;\- NIHJ
[ C
e Ty Hpems
-l e
H N"-hk'-"‘ H"\"RN.-" ey
| 1
H H
Guanine @Gmnm
4] 0
I l
Mo, o o H (P S
i 0] G H
w- W=’
ety W= et
| L T Mirogenous | TN r|'I
H Bases H H
Aduning .I'l.dcﬂrv:‘
Nﬁ-i; Bese pair NuH:
C C
é{5N~-_,_~F,--" S Sugar ﬁ_ﬂ__cf- L
H-£ H I phoaphete H-to |
[+
T.:—f \x"N"—' ~H backbone ril.'-" \"'H-Nf'u“‘H
H H
Uracd Thymina
H‘C’JDH‘N"H H3"’x¢f""°q- ~H
I I
H” 'HHN.--"’*.:-, H#b‘“‘-m-"'bbl:f
|
A H
replaces Thyming in FMA
REMNA
MNitrogenous Mitrogenous
Bases Ribonucleic acid Deoxyribonuclsle acd Basas

Formy RNA
e mRNA — mediatorova, messenger,
informacni — 5-10 %r
e RNA — ribosomalni — 80 %
o tRNA — transferova, ptenosova — 10-15 %

60 tRNA
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Centralni dogma molekularni biologie

DNA
Replication
*Infﬂr miatic I'if DHA duplicates
SR PSRN T LR PN
SISOV
DNA Irlfnrll'rbalinn
¥
S\S\qu Transcription
BIMA synthesis
RITA l
mRENA
nucleus
- W
Informalion
| cytoplasm
nclear envelope +
Translation
Protein synthesis

Protein

Replikace DNA
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Transkripce

gene

Chroemoesomal DHNA 1

irdron 1 irdron 2
Transcription
(ENA synthesis)
axon 1 % exon 2 % exon 3

Nue¢lear RNA

% % RNA Splicing

exon 1 exon 2 exon 3

Messenger RNA

Geneticky kod

tRNA

Codon 1 C:: C/:

—

\

Codon 2

G
C
U
A
C 7 A
G U C A anticodon AUG
== = ;I\cl;l.rjcodon“” UAC  mRNA 3
g Codon 3 2nd base in codon
= U[C]A[G
Phe | Ser | T Cys U
u Codon 4 ] Phe | Ser T:: Gs | C | @
u 5 Leu | Ser | STOP|STOP | A | 2
P = b Leu | Ser | STOP| Tip G 5
o Leu | Pro His Arg U °
G Codon 5 £ C Leu | Pro | His Arg c 5
o Leu | Pro Gln Ar A o
G= E Leu | Pro | Gin Arg G 4
A ‘G e | Thr xn ger g e
- le | Thr n er
G Codon 6 A e | The | Lys | Am | A
c Met | Thr | Lys Ary G
= Val Ala Asp Gly U
u Gl | |& ]S
a u ly
g Codon 7 val | Ma |6 | ey | G
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Syntéza bilkovin

- 1. Transcription

EMA

nuclectides ¥ ‘
ruclear /

membrane
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SACHARIDY

Sacharidy - saccharum - cukr

Synonyma : cukry - glycidy - uhlohydraty carbohydrates - (CH,0),

Funkce - zdroj energie
zasobni latky
stavebni a podplirna funkce
slozky nukleotidl, koenzymt, glyko-proteinti, -lipid
prekurzory aminokyselin, lipida

antigenni determinanty bunck

MONOSACHARIDY

DI, TR, ......OLIGOSACHARIDY

POLYSACHARIDY

Monosacharidy

chemicky - polyhydroxyaldehydy
- polyhydroxyketony
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Rozdéleni

ALDOSY
A. podle povahy karbonylové skupiny

KETOSY

B. podle poctu uhlikovych atomi - TRIOSY, TETROSY,
PENTOSY, HEXOSY, HEPTOSY,

~» ALDOHEXOSA  «—
H o CH.OH
lC/ 1| 2
| 2L£—0
H—L—OH |
| s;CH.OH
LH,OH 2
D - glyceraldehyd dihydroxyacetor
Nazvoslovi : trivialni aldosa -OSA

ketosa -ULOSA
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H o
N CH,OH
[ C=0
H—C—OH |
| CH_OH
CHZOH 2
D - glyceraldehyd dihydroxyaceton

pocet stereoizomeriu = 2X (x = pocet C*)
aldosy - x=n-2 ketosy-x=n-3

n = pocet C atomui

QM O\\C/ N
C
H—(|:—0H HO—|C_H
HO— é_H H—(|:—0H
- <|;—0H HO—C—H
He "E_OH HO— (E—H
CH,OH CH,OH
D - glukosa L - glukosa




/H
. + -
R—OH R C\\
(0)
Fischerovy vzorce
H
Q
i
H—C—OH
HO—(|:—H -
H—C—OH
H— ?—OH
CH,OH
/R"

R—OH * R'—(‘\\
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R—0O\ /H @
R” “on
hemiacetal ran
Haworthovy vzorce
CH OH HZOH
H 0
H H
? I?/C\\
OH‘f ¢ OH OH
H OH OH
D-glukopyranosa
R—O._/R" i0

hemiketal

(|3H20H
I
HO—C—H HO HC " OH CH OH HOHC
| o)
H—C—OH — ﬁ[ ?/C\\ N
H ?—OH ? HOH , OH
OHH

D-fruktofuranosa

CH,OH



H
A/
i
CH_OH
CHZOH H—C—OH 2
H 0) | H [0) H
OH OH H—C—OH OH H
OH H—C—OH H OH
CHZOH

a—anomer (63 %) «— MUTAROTACE ¢«— [—anomer (36 %)

LA

vani¢kova zidlickova

KONFORMACE

Prehled

Triosy - glyceraldehyd, dihydroxyaceton

Tetrosy - threosa, erythrosa

Pentosy - ribosa, deoxyribosa

Hexosy - glukosa, manosa, galaktosa
fruktosa

Heptosa - sedoheptulosa
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Rovnoudzna formy _glukosy

HO —CH, HO-CH,

4 0 0
3 H + H A 0 H
HO p * £2,5° HO
36’ 4-D- qluhopqranosa \ A D- uhopliranosa

+ 442°

HO~CH, p 22,57
" OHE H

Oh H
HO

H OH
a|d¢.|11_|douc'| jorma < O-TN

o~y M ./ "°'c"\'~C/°" P
0 H /W H

H OH H H
H OH H OH

<1 d-b-qlukofumnosa /5-D-fj|uhofuranosa <1
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ALDOSY

CHO
H(l.‘.DH
Ci,0H
D-glyceraldehyd

el ™

(l:HO (IJHO
HCOH HOCH
H(tTOH HCl30H
(I)HZOH (“JHpH
D-erythrosa \ D-threosa
Cl!HO (IBHO ?HO (|3H0
HCOH HOCH HCOH HOCH
H(l-JOH HCE)OH HO(IEH HO(l'JH
H(IJOH }'IC|30H l-I(I')OH HéOH
(l;‘HZOH ICHEOH (I'JHEOH fI3H,0H
p-ribosa (Rib) p-arabinosa (Ara) D-xylosa (Xyl) D-lyxosa (Lyx)
e N '

IIJHO ?HO (|3H0 (|JHO (|1H0 ?HO (IZHO CHO
HCOH HOCH HCOH HOCH HCOH HOCH HCOH HOCH
H(ll‘OH H(!JOH HO(L,H HO(lJH Hl!.‘,OH H(IIOH HO{!jH HO(I)H
HICOH H(IJOH H!TOH H(|30H HOéH HO(IJH HOCH HOéH
H(:L‘OH H(;‘.OH H(:JOH H(lJOH Hi%:OH HICOH H(l'l.‘rﬂH H%OH

CH,0H CH,0H CH,0H CH,0H CH,OH CH,OH CH,0H CH,0H
D-allosa p-altrosa p-glukosa D-mannosa D-gulosa D-idosa D-galaktosa D-talosa

(All) (Alt) (Gle) (Muan) (Gul) (Gal) (Tal)

(1do)
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KETOSY

CH,OH
¢—o
(13H20H

glyceran (dihydroxyaceton)

CH,OH
¢—o0
HCI:OH
CH,0n
D-erythrulosa

CH,0H CH,OH

| |

HCOH HOCH

|
H([:OH H(I'JOH
CH,0H CH,OH
D-ribulosa D-xylulosa

/\

CH,OH CH,OH CHOH

C 0 c=0 C=0
HéOH f HOéH HéOH
H (IJ‘OH H(!JOH H Oé}{
H(IZOH H(]JDH H(iJOH

(ilH,zOH (|3H20H (IJH20H
D-psikosa D-fruktosa D-sorbosa

CH,OH
c=0
HO(IZH
HO(ISH
H{IZOH
(|2H20H
D-tagatosa
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Derivaty monosacharidi

Oxidace :

A. Mirma = aldehydicka skupina — karboxylovou skupinu

H\ O
74
1C 1(.: OOH

ALDONOVE KYSELINY - glukosa — k. glukonova

B. Specificka = primarni OH skupina — karboxylovou skupinu

—

CH,OH 6COOH

URONOVE KYSELINY - glukosa — k. glukuronova

C. Silnd = aldehydicka skupina + primarni OH skupina

H_ 0
J
iC ,COOH
i !
,CH,OH COOH

ALDAROVE KYSELINY - glukosa — k. glukarova
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Tvorba laktonii u aldonovych a uronovych kyselin

Q)

AN
COOH C——
H—|C—OH H—|C— OH
HO—(|j —H N HO—(|j—H o
ﬁl—OH —$|—OH
—$—OH H— ?—
CH,OH CH,OH

D-glukonolakton

k.glukonova

O\ ()\
C— C——
HO—|C -H, O=|C
HO—(Hj 0 ﬁ 0— (|j O
H— L 2 H L
HO—F—H HO_F_H
CH,OH CH,OH

k.dehydroaskorbova

k.askorbova
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Redukce :
mirna = karbonylova skupina — hydroxy skupinu

POLYHYDROXYALKOHOLY - ALDITOLY -itol

(|3H20H
H—C—OH

|
HO—C—H

H— ﬁ|1—OH

H_(f_OH

CH 2OH
GLUCITOL - SORBITOL

Deoxycukry - OH skupina nahrazena H

OH_ H H OH_ H

H H
HO OH HO H

RIBOSA DEOXYRIBOSA
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Aminocukry - OH skupina nahrazena NH, skupinou

CH OH CH OH

NH?CH
GLUKOSAMIN N-ACETYLGLUKOSAMI

Sialové kyseliny - kondenzace N-acetylmanosaminu + pyruvatu

(|3H2()H
HO(|3H
HOCH
H 3C— C—HN q [0) OOH
H H
H H
H H

K. SIALOVA
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Glykosidy

CHZOH

O
H H

OH OR
H OH

O-glukosid

glykosidicka vazba - OR, SR, NR - specificky Stépi glykosidasy

homoglykosidy - sloZen ze sacharidu

Glykosidy
heteroglykosidy - sacharid + aglykon (genin)
galakotosid
Glykosidy glukosid
ribosid
Disacharidy
A. Neredukujici - trehalosovy typ - yl - id

O - a -D - glukopyranosyl (1-1) - a - D - glukopyranosid
B. Redukujici - maltosovy typ - yl - osa

O - a -D - glukopyranosyl (1-54) - a - D - glukopyranosa
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CH OH CH OH
ocl—)ocl
TREHALOSA

O - a -D - glukopyranosyl (1-1) - a -D - glukopyranosid

CH,OH
HO HC
H H
CH OH
al—p2
SACHAROSA

O - a -D - glukopyranosyl (1->2) - B - D - fruktofuranosid
CH OH CH OH

0L(1—>4)
MALTOSA

O - a -D - glukopyranosyl (1-4) - a -D - glukopyranosa
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CH OH CH OH

F iﬂ 11:%‘ K %HH 4
[3(1—>4)
LAKTOSA

O - B -D - galaktopyranosyl (1—4) - B -D - glukopyranosa

CHZOH CHZOH
H [0 H O H
H H H H
OH H H
H OH
B(1—4)
CELLOBIOSA

O - B -D - glukopyranosyl (1—-4) - B -D - glukopyranosa

Polysacharidy

homopolysacharidy

Polysacharidy

heteropolysacharidy

Funkce stavebni

- zasobni
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HOMOPOLYSACHARIDY

Stavebni homopolysacharidy :

CELULOSA - glukosa (celobiosa)

CHITIN - N-acetylglukosamin

AGAROSA - galaktosa + 3, 6 - anhydrogalaktosa

PEKTINY - galakturonova kyselina

Zdasobni homopolysacharidy :

SKROB - amylosa - glukosa - a (154) -20 %
(40 - 150 000 MW)
amylopektin - glukosa - o (1>4) + a (1-56) - 80 %
(50 000 MW)
GLYKOGEN - glukosa - a (1254) + o (156)

DEXTRAN - glukosa - o (156) + o (154) + o (1-3)

INULIN - fruktosa (1—)
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CHOH OH CHz0H OH
e HO—> N0 - L
0" N\ 0=~ -HO— S
M/u\#o/\ HE . 0\‘7\0/ ¢
06 Ch,0H OH CH.On

CELULOSA




fa?
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AMYLOSA

fa) CH,OH CH,OH
0 (6]
H s H H A H
Ol |:| -0 OH H
OH H  OH
glukosa glukosa

)

o

n

AMYLOPEKTIN

CHOH CH OH

H 0. H H 0.
postrennf fet&zec £ 2
wi—g-INOH H o) OH H
H OH H o

CH,OH

CH,OH
havaf feilzec H 4 O _H H /J g
\Y = s i =z H H
s =) OH H o OH H L,
H OH H OH

H
o S(I=G)-v&vici misto
%‘H, CHyOH
E 0 OH H e
H OH

S g $
F;} i ‘1’! ;
= |l“'-;tﬂ- ";;,, &
s 5 -8 ;-o
&3 -'.’1 % 2 2] 5 .
2 E‘,‘"’@q B & "‘;; @f*'f -"';';"
=) oL Cy ’ A ’.;
g 5 Ed =
;ﬁgg = £ q’z P
& '5‘5-
I T <
5% S s
&5 % "2? o9%



HETEROPOLYSACHARIDY - glykosaminoglykany

|
H OH H  NHCOCH;

D-glukuronurdt N-acetyl-p-glukosamin

hyalurongt

CH,0H

H  NHCOCH;

D-glukuronurdt N-acetyl-p-galaktosamin-
4-sulfdr
chondroitin-4-sulfit

CH,080;

H O©OH H = NHCOCH;
D-glukuronurdt N-acetyl-p-galaktosamin-
: 6-sulfde

chondroitin-6-sulfit

H NHcocr
L-idurondt N-acetyl-D-glukosamin-
4-sulldr
dermatansulfie
CH,OH CH,080;

H NHCOCH.

D-galaktosa N-acetyl-p-glukosamin-

. G-sulfit
keratansulfat

H  0s0; H  NHSO;

D-glukurono-2-sulfit N-sulfo-p-glukosami:

G-sulfdt
heparin J
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LIPIDY

Lipos - tuk

Funkce : zdroj a reserva energie
strukturni funkce
ochranna a izola¢ni funkce

rizné biologické funkce
jednoduché

Lipidy sloZené

izoprenoidni

Jednoduché lipidy

chemicky - estery mastnych kyselin a alkoholi

ACYLGLYCEROLY - triglyceridy - estery mastnych Kkyselin a

glycerolu

), o

C
R-C—0—CH W

CH,—O0—C—R,

Alkohol
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H,OH ?HZOH
CHOH HO—C—H
CH,0OH CH,0X
glycerol derivat sn-glycerolt

(L-glycerol)

Mastné Kkyseliny - nasycené

cuengngncncngn,

H,C CH,CHCHCH LCH LHCH,

K .PALMITOVA

C16H3202

/0

P N e P\ O
“OH

K. STEAROVA

C18H3602

Mastné Kyseliny - nenasycené
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P N N //)
109 C
, \OH
K. OLEJOVA
C18H3402

13 12 10 9 C
\OH
K. LINOLOVA
C18H3202
o O
16 15 13 12 10 79 C
, “oH
K. LINOLENOVA
C1sH300,
e a
15 14 12 11 9 8 6 5 C
\OH
K.ARACHIDONOVA
C20H3202
prostaglandiny

Prostanoidy < tromboxany

leukotrieny
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MEMBRANOVF FOSFOLIPID

l fn:[olipam A,

9 8¢S CO0H
H 1 n {5
kys. am:htdmwn

!IF‘JI}‘gma&ﬁ AN \flnwﬂmua

f:nnn OM\/WV\/\[HDH

Io,ultofnm A /
lnqhﬂdm Ey

oM OH
prostacyhklin l,_ throm bnmn Ay
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Dulezité reakce tuki - zmydeliiovani - NaOH
- ztuZovani - H,

- Zluknuti - O,

VOSKY - estery mastnych Kkyselin a alifatickych alkoholu

veeli vosk - palmitan myricylnaty (C3;,HsOH)
vorvanovina - palmitan cetylnaty (C,cH3;;OH)
lanolin

karnaubsky vosk

Slozené lipidy

FOSFOLIPIDY

A. Fosfoacylglyceroly - fosfatidy

W ?Hz 0—C R1
ch—O—|CH ﬁ
CHz—o—i—O
K. FOSFATIDOVA
1,2-diacyl-glycerol-3-fosfore¢na k.




75

CH3

+ +
HO—CH—CH—NH,  HO—CH—CH;,—N—CH
2 2 2 2 | 3

CH3

ETHANOLAMIN CHOLIN

+
HO—CH;— C|H—NH3 HO—CH,— C|H—?H ,
COO OH OH

SERIN GLYCEROL

OH OH

OH
OH

INOSITOL
Fosfatidylcholin - lecitiny
Fosfatidylethanolamin - kefaliny
Bisfosfatidylglycerol - kardiolipin

CH,— O—P— O—ﬁi‘Hz
" HO—CH 0

| |
CH,— 0—P—O0—CH,

Fosfatidylinositol
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Plazmalogeny
(H) ?Hz— O—CH=—CH—R ;
Rz— C—O—|CH (W

+
CH,—O—P—0—CH,—CH,—NH,

B. Sfingomyeliny - sfingofosfolipidy

CHT(CHZ)ECHZCH—?H—OH

CH—NH,
CHZ_ OH
SFINGOSIN
CHT(CHZ)ECHZCH—?H—OH
R—C—NH—CH H,
| | T ;
o

CH;—O0—P—O0—CH_— CH2—1|\I—CH3

CH3

SFINGOMYELIN
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GLYKOLIPIDY

A. Glycerolglykolipidy

0
|

?HZOCR

0 1
R—C—0—CH
| H OH
CH,—O0 o H

HO

B. Cerebrosidy

CH;(CHZ)ECHch—<fH—0H
R—C—NH—CH
| H OH

HO

galaktocerebrosidy - mozek
sulfatidy

glukocerebrosidy - ostatni tkané

C. Glykosfingolipidy

gangliosidy - sialova kyselina - ganglie nervovych bunék
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Izoprenoidni lipidy

Ziakladni strukturni jednotka - izopren 2-methyl-1,3-butadien

CH3 ((‘ H3
CHZZ C—CH:CH2 _CHZ_ C:CH—CHZ—
izopren izopentenyl
STEROIDY

STERAN - cyklopentanoperhydrofenantren

A. Steroly

CHOLESTEROL
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Steroidni hormony

cholesterol
(C 17)
pregnenolon
(C21)
gestageny
glukokortikoidy mineralkortikoidy androgeny
(C21) (C21) (C19)
estrogeny
(C18)

Glukokortikoidy - kortisol, kortikosteron - kiira nadledvinek
Mineralkortikoidy - aldosteron - kiira nadledvinek
Androgeny - testosteron - varlata

Estrogeny - estron, estradiol, estratriol - vajeCniky

Gestageny - progesteron - vajeCniky
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cholesterol ~—— ester choleslerolu
(5-cholesten-34-0l)

| e ﬁ )
s oagie:
A

20,22-dihydroxycholesterol pregnenolcn
(20,22-dihydroxy-5-cholesten-34-0l) (34-hydroxy-5-pregnen-20-on)

: o}
“N
8}

progesteron 17-hydroxyprogesteran 17-hydroxypregnenolon
(4-pregnen-3,20-dion) (17-hydroxy-4-pregnen- (38.17-dihydroxy-5-pregnen-
3,20-dion) 20-o0n)

OH
0 0
HO
0 0]
kortikosteron kortisol androstendion
(114.21-dihydroxy-4-pregnen-  (114,17,21-trihydroxy- (4-4ndrosten-3,17-dion)
3,20-dion) 4-pregnen-3,20-dion) .
OH

— gE™

aldosteron 178-eslradiol testosteron

(118.21-dihydroxy-3,20-dioxe-  (1,8,5(10)-estratrien-3,1 70- (178-hydroxy-4-androsten-
4-pregnen-18-al) dial) 3-on)

HO
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Zluové kyseliny - k.cholova, k. glykocholov4, k. taurocholova

H H, ]
CH, COO
H CONH—CH_—C00
CONH—CH;—CH, SO,
HO OH

C. Kalciferoly - vitaminy - D; - cholekalciferol, D, - ergokalciferol

provitamin D prekalciferol
CH, R
CH3 H
H svétlo
—
P
HO CH3
H teplo
R
CHs
R
CH3
(j|H2 “—>
HO CHz
H

kalciferol



Biomembrany
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agregované formy biolipidu

Vyznam biomembran - transport

- kompartmentace

- komunikace

Molekulové slozeni membran

Membrana proteiny lipidy sacharidy
% % %
cytoplazmaticka 49 43 8
jaderna 59 35 2
mitochondrialni vnéjsi 52 46 2
mitochondrialni vnitini 76 23 1
myelinova 18 79 3

e Lipidy - fosfolipidy, cholestorol

funkce - strukturni

Lipid (%) erythrocyt | myelin | mitochondrie| E.coli
fosfatidylcholin 19 10 39 0
fosfatidylethanolamin 18 20 27 65
fosfatidylglycerol 0 0 18
kardiolipin 23 12
sfingomyelin 18 9 0
glykolipidy 10 26

cholesterol 25 26 0
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e Bilkoviny - integralni, periferni
funkce - enzymy
prenasece
receptory

strukturni

e Sacharidy - glykolipidy, glykoproteiny
funkce - kotveni glykolipidii a glykoproteint
v membranach

- rozpoznavaci

Modely membran :
GORTER a GRENDL (1925) - Lipidova dvojvrstva
SINGER a NICHOLSON (1972) - Model tekuté mozaiky

Transport latek membranami :

e Nespecificka permeace
e Specificky prenaSecCovy systém - pasivni transport - usnadnéna
a vyménna
difuze
- aktivni transport

e Pinocytoza
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